The powdered bulbs and leaves of Drimiopsis barteri yielded two novel isoquinoline alkaloids: 5-hydroxy-7,2',3',4'-tetramethoxy{2H-1-}benzopyran [4,3-c] ,5]-triene}-4-one, and a tetrahydroxyhomoisoflavanone: 5,6,7-trihydroxy-3-(4-hydroxybenzyl)chroman-4-one. The bulbs of Drimiopsis burkei gave three new metabolites: the first scillascillin, mentioned above, and two xanthones: 1,6-dihydroxy-2,3-dimethoxy-8-methylxanthone and 1,4-dihydroxy-2,3,6-trimethoxy-8-methylxanthone. Seventeen known compounds were isolated from both plants. Structures were elucidated based on detailed 1-, and 2D-NMR spectroscopic and MS analyses.
The genus Drimiopsis Lindl (Hyacinthaceae) is represented by about 15 and 9 species in Africa and Southern Africa, respectively [1] . Phytochemical reports in the literature are available only for one species, D. maculata [2, 3] . D. burkei and D. barteri are bulbous plants, 30-40 cm in height. The former is known as thejane in Botswana, where a decoction based on the mucilaginous exudates of the bulbs is traditionally used to treat stomach upsets and the latter is used in western province of Cameroon to treat fever. In this paper we present the results of our investigations of the chemical constituents of the two Drimiopsis species which led to the isolation and structural elucidation of two novel isoquinoline alkaloids (1 and 3) (the first examples of homoisoflavonoid derived isoquinoline alkaloids), three new scillascillins (4, 5 and 6), a new tetrahydroxyhomoisoflavanone (7) , six known homoisoflavonoids (11, 15 The residues obtained from the organic extracts (CH 2 Cl 2 -MeOH 1:1) of both plants were purified as detailed in the Experimental section to give 17 known compounds and eight new metabolites. The known compounds were characterized either by comparing with authentic references from our laboratories, or by comparing acquired spectral data with those reported for the same compounds in the literature.
Compound 1 was isolated from the organic extract of D. barteri as yellowish needles, mp 160-162°C, from diethyl ether. The UV spectrum contained absorptions at 207, 237 and 290 nm. The 1 H NMR spectrum showed four methoxyl proton resonances, two meta-coupled proton signals at δ H 6.10 and 6.22 (J = 2.4 Hz) and three singlets at δ H 5.57 (2H), 6 .65 (1H) and 9.21 (1H). The 13 C NMR spectra showed 20 signals representing 11 quaternary, four methine, one methylene, and four methoxyl carbon resonances. These spectra were typical and characteristic of homoisoflavonoids, where ring A is substituted with a hydroxyl at C5 and a methoxyl group at C7, and ring B substituted with three continuous methoxyl groups. However, unlike homoisoflavonoids, this substance lacked the C4 carbonyl resonance signals that occur at δ C >190 for homoisoflavanones and scillascillins, and δ C <187 for the Δ 2,3 or Δ 3,9 unsaturated derivatives [4] [5] [6] . The critical information leading to the alkaloidal nature of the substance initially came from the LREI-MS data which showed the molecular ion to have an odd mass at m/z = 369. Subsequently, an exact mass measurement (HREI-MS) 369.12169 suggested a molecular formula of C 20 H 19 NO 6 (calculated 369.12124). Detailed 1D-and 2D-NMR analyses were utilized to arrive at the proposed structure 1. The substitution pattern of ring B, especially the location of the methine proton at C5′, instead of at C2′ was deduced from HMBC data (See Figure 1) . Initially, an alternative structure (2) was considered, but this became less likely on account of the chemical shift of the imine (C9-H) proton observed at δ H 9.21. The predicted [Chemdraw-2005] chemical shift for this proton is at δ H 9.36, which is closer to the observed value than δ H 7.40 that is predicted for the corresponding proton in the alternative structure. Furthermore, the observed HMBC correlations for this compound are incompatible with structure 2. Not surprisingly, the methylene protons appeared as a sharp singlet at δ H 5.58, an observation which is in contrast to those of the corresponding protons for the optically active scillascillins and homoisoflavanones, where each proton appears as a doublet at δ H 4.58 and 4.59 (J = 11.3 Hz e.g. 4 and 5), and 4.26 and 4.07 (dd, J = 4.5 and 11.4 Hz e.g. 7), respectively. The lower field chemical shift of the methylene protons in 1 is also consistent with their benzylic nature.
The second alkaloidal compound 3 was isolated from D. barteri as a yellow powder, mp 220-222°C. The UV spectrum contained absorptions at 207, 241 and 292 nm. The HR-EIMS indicated a molecular ion at m/z 369.12196 and the molecular formula was deduced to be C 20 H 19 NO 6 (calculated 369.12124). The 1 H NMR spectra of 3 and 1 were nearly superimposable, the difference being the presence of two singlet signals representing two aromatic protons: at δ H 7.02 and 6.15 in 3 instead of the two meta coupled proton signals observed for compound 1 at δ H 6.22 and 6.10 (d, J = 2.4 Hz). Hence structure 3 was assigned for this alkaloid. The 1 H-, and 13 C NMR spectroscopic data, including HMBC and NOE experiments were fully consistent with the proposed structure. (Table 1) , revealed the presence of a doublet at δ H 4.55 and 4.59 (J = 11.3 Hz) and a pair of doublets at δ H 3.25 and 3.27 (each 2H, d, J = 13.4 Hz), which were assigned to the protons at C2 and C9, respectively. Two metacoupled protons resonating at δ H 6.05 (1H, d, J = 2.4 Hz) and δ H 6.10 (1H, d, J = 2.4 Hz) were located at C6 and C8, respectively. The penta-substituted nature of ring B was deduced from noticing an aromatic proton singlet at δ H 6.38 (1H, s). This signal was assigned to the proton at C5′ based on HMBC spectrum correlations. Thus, the signal for C5'-H at δ H 6.38 has HMBC correlations with C3 (δ C 54.5), C6′ (δ C 136.1), C4′ (δ C 148.0) and C3′ (δ C 139.1). The methoxyl proton signal at δ H 3.85 (C4′-OMe) also showed HMBC correlation to C4′ (δ C 148.0). The position of H5′ was also confirmed by the NOE experiment, where irradiation of δ H 6.38 showed enhancement of the methoxyl group proton resonance at δ H 3.85 and vice versa. The presence of three methoxyl groups (δ H 3.87, δ C 61.0; δ H 3.99, δ C 57.2; and δ H 3.85, δ C 55.7) in ring B was inferred from the occurrence in the mass spectrum of ions at m/z 206 and 152 due to retro-Diels-Alder cleavage (RDA). Furthermore, NOE irradiation of the proton signal at δ H 3.87 showed enhancement of both methoxyl group proton signals at δ H 3.85 and δ H 3.99, and thus the proton at δ H 3.87 must be at C3′ between the two methoxyl groups. This was also supported by the 13 C NMR resonance at δ C 61.0 (Table 1) depicting a hindered methoxyl group. Bathochromic shifts with NaOAc (+36.4) and AlCl 3 (+24) indicated the presence of 7-OH and 5-OH groups, respectively [7] . The presence of a hydroxyl substituent at C5 was also suggested by the signal of its proton at δ H 12.00. The quaternary carbon, C3, resonated at low-field (δ C 54.5), compared to the corresponding carbon of 3-benzylchroman-4-ones (Table 1) . This is consistent with a 3-spirocyclobutane ring, as in scillascillin [8] . Thus, the structure of 4 was elucidated as 5,7-dihydroxy-2′,3′,4′-trimethoxyspiro{2H-1-benzopyran-7′-bicyclo C NMR spectra (Table 1) . o C and was deduced to be an homoisoflavanone from NMR data. The penta-, and di-substituted natures of ring A and B, respectively, were deduced from the 1 H NMR spectrum, which showed an isolated singlet signal for a ring-A proton and the typical AA′BB′ pattern for the ring B protons. Analyses of the 1 H and 13 C NMR spectra and the absence of any methoxyl signals led to the conclusion that this compound was a tetrahydroxy homoisoflavonone. The aryl proton was placed at C8 in preference to C6 from the observation that the oxymethylene protons at C2 and the aryl proton (H8) correlated (HMBC) to the same oxygenated carbon (C8a) at δ C 161.8. From the foregoing discussions the structure of 7 was concluded to be the previously unreported 5,6,7-trihydroxy-3-(4-hydroxybenzyl)chroman-4-one. 2 ) and δ H 6.12 (H4), and thus the methoxyl group (δ C 55.9, δ H 3.84) has to be at C3. The second methoxyl group proton signal at δ H 3.78 upon irradiation caused enhancement of the signal at δ H 3.84. This observation led to the conclusion that the two methoxyl groups are neighbors and therefore located at C2 and C3. The downfield resonance at δ C 61.3 for the methoxyl group carbon also confirms the location at C2. The structure of xanthone 8 was thus deduced as 1,6-dihydroxy-2,3-dimethoxy-8-methylxanthone.
Xanthone 9 was also obtained as yellow powder, mp 204-206°C. The EI-MS showed a molecular ion peak at m/z 332. The 13 C NMR spectrum suggested that compound 9 was composed of seventeen carbon atoms. The 1 H NMR spectrum of 9 showed the presence of proton signals due to a chelated hydroxyl group at δ H 12.96, one aromatic methyl group at δ H 2.75 (8-CH 3 ), three methoxyl groups at δ H 3.96 (C2 -OCH 3 ), δ H 3.80 (C3 -OCH 3 ), and δ H 4.00 (C5 -OCH 3 ) and two meta-coupled methine singlet protons at δ H 6.70 (C5) and δ H 6.79 (C7). The 13 C NMR spectrum revealed signals for two ortho-di substituted aromatic methoxyl groups at δ C 61.1 (2-OCH 3 ) and δ C 60.0 (3-OCH 3 ), and an unhindered methoxyl group carbon resonance at δ C 56.3 (5-OCH 3 ). Thus 9 was identified as 1,4-dihydroxy-2,3,6-trimethoxy-8-methylxanthone.
Seventeen known compounds consisting of six homoisoflavanones (10-15), three homoisoflavones (E and Z isomers of 16, and 17), three scillascillins (18) (19) (20) , three xanthones (22) (23) (24) , eucosterol [9] and the known stilbene derivative, hinokiresinol [10] , were also obtained. It is noteworthy that all the six homoisoflavanones (10-15) and one of the two homoisoflavones (17) are pentasubstituted in ring A, while all of them have an hydroxyl or methoxyl substituent at the 4′-position in ring B. Compound 10 was recently reported from Scilla zebrina and has been given the trivial name of zebrinin C [11] . Compound 11, found in both plants, is known to occur in five other genera of the Hyacinthaceae: Eucomis [12] , Chinodoxa [13] , Scilla [14] [15] [16] Muscari [17] [18] [19] and Ledebouria [5, 20] and has been described as the most widespread metabolite of the homoisoflavonoids [2] . Homoisoflavonone 15 is also common and has been found in C. luciliae [13] , two Eucomis spp [21] and Muscari comosum [17] . Compound 13 has been reported from Eucomis montana [22] and Resnova humifa [22] , while 12 and 14 have been found in L. graminfolia [5] and Scilla nervosa subsp. rigidifolia [6] . Homoisoflavone 16 was identified in the two isomeric forms, E and Z. The former is the most common geometric isomer found for many homoisoflavones. Caesalpina pulcherima is the only other plant that produces both isomers [25] . The other homoisoflavone (17) has been reported from Eucomis bicolor [26] . [23] and recently from D. maculata [24] . It is interesting to note that the lactol scillascillin (21) was obtained as an inseparable mixture of diastereomers from both plants. This mixture has been reported previously from C. lucilliae [13] , Scilla scilloides [14] and recently from Ophiopogon japonicus [27] . It is unlikely that compounds 1 and 3 arise by the usual biosynthesis of isoquinoline alkaloids. The co-occurrence of compound 5 in the same plant raises the possibility that the alkaloid 1 is most probably formed from 5. The benzocyclobutene moiety in 5, being very reactive, most probably undergoes ring cleavage upon reaction with a biological nitrogenous nucleophile. This would then be followed by the formation of a five membered nitrogen heterocycle, which would then subsequently undergo dehydration and aromatization to furnish the isoquinoline alkaloid. Likewise, alkaloid 3 would also arise from an as yet unidentified scillascillin intermediate, like 5. Extraction and isolation -D. barteri: Dried and powdered bulbs and leaves (560 g) were extracted at room temperature twice, each with a 1:1 mixture of MeOH-CH 2 Cl 2 (2 L, 24 h) followed by 1 L of MeOH for 24 h. The residue obtained (60.5 g) by evaporation under reduced pressure was stirred into 2.5 L of a mixture of MeOH-CHCl 3 -water (2:2:1). The organic phase was dried and evaporated to give 35 g of extract. This was pre-adsorbed onto an equal mass of silica gel and introduced to 150 g of silica gel on a column and eluted with CH 2 Cl 2 -MeOH gradient. Fractions, 300 mL of each, were collected, monitored by TLC and grouped into five series, as follows: Series A (eluted with CH 2 Cl 2 , 8 g), B (CH 2 Cl 2 -MeOH 9.7:0.3; 7 g), C (CH 2 Cl 2 -MeOH 9.5:0.5; 7 g), D (CH 2 Cl 2 -MeOH 9:1; 5g) and E (CH 2 Cl 2 -MeOH 8:2; 5g). Series A was assumed to contain oils and fatty acids and were not investigated further. The remaining series (B, C, D and E) were separately passed through a column of Sephadex LH 20 and for each the post-chlorophyll fractions were collected as one fraction. The post-chlorophyll fraction from series B was subjected to a silica gel column using light petroleum. The column was eluted, successively, with light petroleum containing an EtOAc gradient and fractions of about 100 mL each were collected as follows: fr 1 (100 % light petroleum), frs 2-7 (20% EtOAc), frs 8-12 (50% EtOAc) and fraction 13 (100% EtOAc). Frs 2-7 were evaporated and the residue transferred in acetone, freed of solvent and the residue triturated with diethyl ether to yield 1 as yellowish brown needles, mp. 160-162°C. The diethyl ether soluble portion was diluted with acetone to give 3.
Series C was subjected to column chromatography over silica gel with a mixture of CHCl 3 -light petroleum (8:2) and increasing amounts of CHCl 3 . Twenty five fractions, each of 250 mL, were collected. Compound 4 (5 mg) was obtained from fraction 9-12 after PTLC using the solvent system: Series D was subjected to a silica gel column and eluted initially with a mixture of CHCl 3 -light petroleum (7:3), followed by increasing amounts of CHCl 3 . Thirty four frs were obtained. Frs 19-23 were subjected to PTLC separation using CHCl 3 -light petroleum-MeOH (7: 2: 0.5 x 3), to furnish 7 (4 mg).
Series E was subjected to a silica gel column and eluted first with CHCl 3 and subsequently introducing a MeOH gradient. Twenty five frs were collected. Frs 6-12 were submitted to several Sephadex LH-20 filtrations using CH 2 Cl 2 -MeOH (9:1) and a yellow oil (11) was obtained. Frs 13-20 yielded 7 mg of 6 after several PTLC purification. The E isomer of 16 (4 mg) was obtained from frs 21-25 after silica gel column chromatography and elution with CH 2 Cl 2 -MeOH (95:5).
Extraction and isolation -D. burkei: Dried and powdered bulbs (1 Kg) were successively extracted with 800 mL of a MeOH-CH 2 Cl 2 mixture (1:1) overnight and 500 mL of MeOH for 3 h. The residue was obtained (24 g ) by evaporation under reduced pressure (<40 o C). The dried residue was then dissolved in 70% aqueous MeOH and partitioned to give light petroleum (10.5 g), CHCl 3 (7.1 g), EtOAc (0.7 g), n-BuOH (2.7 g) and aqueous (4.3 g) extracts. TLC analysis of these five extracts upon spraying with vanillin-sulfuric acid, revealed the CHCl 3 extract to be the richest in terms of secondary metabolites. The CHCl 3 extract (adsorbed on 20 g, silica gel) was subjected to VLC (200 g of silica gel) and eluted, first with light petroleum (200 mL, fr 1) followed by introducing a stepped gradient of EtOAc as follows: 5% EtOAc (frs. 2-7), 10% (frs [8] [9] [10] [11] [12] [13] [14] , 20% (frs 15-18) and 40% (19) (20) (21) 
